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With the well-known impacts that the building sector has on the environment, 
accounting for embodied carbon (EC) emissions in building projects is emerging as 
an important consideration in project development approval processes. National and 
international initiatives on accounting for EC have been registered and in some 
countries, accounting for EC has been made mandatory. However, largely, the 
potential of accounting for EC is yet to be fully realised due to the prevailing limited 
integration of EC in building projects. In this paper, the potential of accounting for 
EC in the building sector in Uganda is explored using a two-stage approach. The first 
stage comprised of three steps: process discovery − to document prevailing practices; 
process modelling − to create an as-is system representing prevailing practices, and 
verification − using semi-structured interviews to ascertain whether the as-is system 
had been created correctly. The second stage comprised of two steps: analysis and 
process modelling. Analysis involved drawing evidence from the literature and the 
verified practices, in order to identify opportunities of introducing EC accounting. 
Through process modelling, a new (to-be) system incorporating EC was then created. 
Results from the verification step showed that the prevailing practices had been 
modelled correctly, further confirming the absence of EC accounting in the referenced 
context. Analyses revealed that incorporating EC accounting in building projects is 
plausible but should largely consider national circumstances, such as development 
approval processes. The overall findings shed more light on the increasingly 
appreciated phenomenon of accounting for EC in building projects. It is hoped that 
this work can remind, and at the same time, inform construction management practice 
and policy of the responsibilities the building sector has towards promoting 
sustainable construction. 
Keywords: embodied carbon, process modelling, sustainable construction, Uganda. 
INTRODUCTION 
The fifth Intergovernmental Panel on Climate Change report released in 2014 noted 
that over the past four decades, carbon emissions (greenhouse gases like carbon 
dioxide) from the building sector have more than doubled (IPCC 2014). Prevailing 
initiatives suggest that managing carbon emissions requires 'accounting' (BS EN 
15978:2011), otherwise, it is impossible to manage what cannot be accounted for. 
Meanwhile, there is a justified focus on accounting for carbon emissions occurring in 
the operation phase of buildings (e.g. from heating, lighting, cooking etc.) since this 
phase accounts for the largest (circa 80%) proportion of buildings' life time emissions 
(Kua and Wong 2012; Sartori and Hestnes 2007). However, as buildings are 
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progressively designed to stricter operation-energy efficiency, operation carbon (OC) 
emissions will gradually reduce. Unfortunately, this will be at the expense of 
increasing the relative proportion and magnitude of embodied carbon (EC) emissions 
which are associated with various activities (e.g. material manufacture and 
transportation) of constructing buildings (Iddon and Firth 2013; Monahan and Powell 
2011). Therefore, a focus on accounting for EC is necessary. 
Accounting for carbon emissions, which basically involves obtaining the 
mathematical product of process data (e.g. kg of material) and a carbon emission 
factor (e.g. kgCO2 per kg), is not a straightforward procedure when it comes to EC. 
Unsurprisingly, disagreements in this area not unusual especially regarding what EC 
constitutes (e.g. Sathre et al. (2012) and Purnell (2012)). Even standards have not 
been exhaustive in this regard; the emissions boundary suggested in the European 
CEN TC 350 standards (BS EN 15978:2011) excludes workforce transportation, yet 
national initiatives (SFC and Carbon Trust 2010) suggest otherwise. While some 
commentators have called for development of 'an embodied energy measurement 
protocol' (Dixit et al. 2012), others have concluded that “there is no single definition 
of building embodied carbon emissions” (Li et al. 2014: 402). Nonetheless, EC is 
largely defined, and accounted for, in alignment with boundaries relating to 
construction projects, namely: cradle-to-gate EC, cradle-to-site EC, cradle-to-
construction completion EC, cradle-to-grave EC, and cradle-to-cradle EC (Hammond 
and Jones 2011; Dixit et al. 2010). 
Budding practices suggest that EC accounting should be contextualised (e.g. country-
based) although their scope limits broader integration of EC in building projects. 
These practices, whether voluntary (see Franklin and Andrews 2013; RICS 2012) or 
mandatory (see Brighton and Hove 2013) put emphasis on the cradle-to-gate 
boundary. While this boundary arguably presents the least complications in 
accounting for EC, it does not give a complete picture of a building project since 
activities like construction are excluded. Meanwhile, consideration of other 
boundaries such as cradle-to-cradle, requires making difficult assumptions (energy-
use behaviour, number of renovations, demolition activities, etc.) about the operation 
phase of a building (Hong et al. 2014) and thus uncertainties in EC can manifest. 
Integrating EC accounting in building projects in a manner that does not 
underrepresent activities and yet minimises uncertainties requires consideration of the 
cradle-to-construction completion boundary. However, this boundary necessitates 
consideration of the whole buildings' development approval process, that is, from 
planning permission to commissioning. Since development approval regimes vary by 
country, there is need for significant contextualisation of EC accounting, that is, 
development of country-based EC accounting systems. In that way, the potential of 
accounting for EC in building projects will be realised at a broader scale. 
In this paper, the potential of accounting for EC in the development approval process 
in the building sector in Uganda is explored with two motives. Firstly, developing an 
as-is system describing the prevailing practices and secondly, propose a new system 
that incorporates accounting for EC. Uganda is the focus because: (1) prevailing 
efforts of accounting for EC are concentrated in developed countries, with little or no 
consideration in developing countries yet, embodied energy of buildings in developing 
countries can be large (Levine et al. 2007); (2) due to the authors' acquaintance with 
construction practices in that context, coupled with other reasons related to ease of 
data collection; and (3) since accounting for EC can directly or indirectly offer 
benefits such as driving innovation, use of locally available materials, and creation of 
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employment opportunities (Embodied Carbon Industry Task Force 2014), there is a 
business case in arguing for EC accounting in such a developing country. 
METHODOLOGY 
In order to explore the potential of accounting for EC emissions in building projects in 
Uganda, the prevailing practices were described and new proposals suggested. 
Describing the prevailing practices 
In order to describe the prevailing practices, process modelling was used to create a 
process model of the development approval process (as-is system). A system can be 
defined as an “integrated composite of people, products, and processes that provide a 
capability to satisfy a stated need or objective” (Sage and Rouse 2009: 1363). 
Usually, process modelling initiatives are motivated by the desire to improve a system 
and such initiatives should begin with describing the as-is state of affairs (Debevoise 
and Geneva 2011). In order to develop the as-is system, three steps were followed: 
process discovery, modelling, and verification. 
Process discovery was intended to discover process space, process topology, and 
process attributes (Debevoise and Geneva 2011; Verner 2004) of the existing 
development approval process. Under process space, the intention was to describe all 
the relevant sub-processes and their associated interaction. This was based on review 
of relevant literature such as regulations, together with the authors’ experience and 
anecdotal evidence about the context. In process topology, the aim was to identify 
activities and their flow logic. The output from process discovery was a summary of 
sub-processes, with their corresponding activities, and flow logic. 
Modelling was conducted to produce a process model diagram of the as-is system and 
this involved defining process scope, delineating high-level process map, and drawing 
the process model diagram. In defining process scope, the important aspects addressed 
included: how a process starts, what determines when it is complete, and the different 
ways in which it could end (Silver 2011: 57). Meanwhile, the high-level process map 
involved enumerating the major activities of the process. The high-level activities also 
acted as the process-phases of the overall process model (Debevoise and Geneva 
2011). Using Microsoft Visio 2013 software, a process model diagram with two tiers 
was constructed. Essentially, activities identified in the high-level formed the first tier 
of the diagram which was expandable into the second tier consisting of child-level 
diagrams. Inbuilt software functions were used to check the integrity of the process 
model with regard to the process modelling rules. The adopted modelling rules 
conformed to the Business Process Modelling and Notation (BPMN) modelling 
grammar (OMG 2014). This notation, which is widely preferred in process modelling 
(Silver 2011; Takemura 2008), provides graphical constructs and rules prescribing 
how to combine the graphical constructs in order to describe processes (Recker and 
Rosemann 2010; Wand and Weber 2002). 
Verification was conducted to empirically ascertain whether the as-is system had been 
constructed rightly. A case study was appropriate since it can be used to describe 
events, processes, and relationships (Denscombe 2010); an embedded single-case 
study design (Yin 2014) was adopted. Two local planning authorities that have high 
rates of construction activities were purposely selected: 'Kampala' district and a 
neighbouring ‘Kira’ town council. Eight informants, considered as the subject matter 
experts (SMEs), four from each authority (i.e. physical planner, architect, engineer, 
and environmental officer) were purposely selected. Semi-structured interviews 
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involving face-to-face interaction and use of charts were used to collect data since 
they accorded flexibility to a discussion and availed respondents a chance to expound 
ideas (Creswell 2014; Denscombe 2010). In the interview procedure, the as-is system 
was presented to the informants in form of a chart to offer them an opportunity to 
easily visualise the end-to-end view of the described processes unlike verbal or written 
prose. Informants were then asked to describe how the processes shown in the chart 
are executed in practice. The discussions were recorded and later transcribed. 
Using Nvivo 10 software (Bazeley and Jackson 2013), a directed content analysis 
approach (Hsieh and Shannon 2005) which falls under qualitative data analysis 
techniques was followed in analysing the data. Directed content analysis is usually 
used to “validate or extend conceptually a theoretical framework or theory” (Hsieh 
and Shannon 2005: 1281). In the approach, codes/themes were predefined based on 
the as-is system. For instance, an activity in the as-is system described as 'prepare 
documentation' was converted to a theme of the same name. Supportive words and 
phrases in the data were then coded to such a predefined theme and where 
predetermined themes were deemed inapplicable, new ones were defined. This 
approach was not largely amenable to statistical data processing, since the output was 
mostly nonnumeric, and as such, evidence was presented by showing coding 
references (i.e. number of times an aspect is coded), codes with exemplars, and 
descriptive excerpts from interview transcripts (Hsieh and Shannon 2005). The 
analysis structure was grounded in theoretical propositions that led to the 
investigation, together with examination of rivalling explanations (Yin 2014). The 
proposition stated that the as-is process model developed was not a true representation 
of reality; confirming this proposition required examining rivalling explanations such 
as evidence showing that the system did not represent reality. The proposition was to 
be rejected if no sufficient rivalling explanations were found. Meanwhile, this 
research involved human participants and therefore ethical requirements such as 
seeking for ethical approvals were appropriately fulfilled. 
Derivation of proposals 
Critical reflection using literature and the ascertained prevailing situation, as depicted 
by the as-is system, was carried out in order to identify opportunities to incorporate 
EC accounting. Consequently, a new (to-be) system was proposed and presented as a 
process model diagram. 
RESULTS AND DISCUSSIONS 
The structure of the as-is system, results from its verification, and the structure of the 
new (to-be) are all presented and discussed. 
As-is system depicting the prevailing practices 
The as-is system (see Figure 1) consists of three linked pools, each representing a sub 
process. Each pool has activities (rounded-edge boxes) connected with arrows and 
diamond-shaped decision gateways to show logic of flow. Activities are presented at a 
collapsed high-level but contain child-level activities when expanded. The major sub-
processes contained in the development approval process in Uganda were: (1) 
environmental impact assessment (EIA) sub-process (National Environmental Act 
Cap 153, Environmental Impact Assessment (EIA) Regulations 1998); (2) building 
project (BP) sub-process (Physical Planning Act 2010, Building Control Act 2013), 
and (3) development permission (DP) sub-process (Physical Planning Act 2010, 
Building Control Act 2013). The EIA sub process (refer to EIA pool in Figure 1) 
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started when there was a need to carry out an EIA, born by the fact that the building 
project fell into a category for which EIA was mandatory. The EIA sub process started 
with an activity of 'prepare brief' and was complete when the developer was informed 
by the authority about the decision of approval, rejection, or deferring of the project. 
The BP sub-process (refer to BP pool in Figure 1) was envisaged to start when the 
client or developer solicited services of a consultant to work on a prospective building. 
It started with 'prepare inception report' and ended with commissioning of the 
completed building. The need for permission to undertake a development triggered the 
DP sub process (refer to DP pool in Figure 1). It started with 'prepare documentation' 
and was complete when the applicant/developer was informed of the decision. The 
decision was observed to be in various states: approved conditionally, approved 
unconditionally, rejected, or deferred. 
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Figure 1: Existing development approval process in Uganda (as-is system) 
Verification of the as-is system 
At the end of a two-week data-collection period, interviews each lasting about 30 
minutes had successfully been conducted with: two physical planners, one engineer, 
one environmental officer, one health inspector, one environmentalist, and one land 
surveyor. Unsuccessful appointments warranted inclusion of some other SMEs who 
were not on the initial list. Analyses revealed that generally, all the three sub-
processes had sufficiently been modelled correctly. An example of coding references 
and exemplars with regard to one activity/theme selected in each of the three sub-
processes is shown in Table 2. Most high-level activities/themes registered coding 
references and exemplars. Upon inspection, no significant rival explanations were 
identified in the three sub process. As such, it was concluded that the as-is system was 
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reliably a true representation of reality. For the EIA sub-process however, the activity 
of conducting public hearings did not register any coding references but no rival 
explanations were found. This perhaps implied that public hearings were a rare 
occurrence according to the informants' experiences or usually avoided because of 
their associated consequences. Six of the linkages (refer to Figure 1) of the process 
model (i.e. apply for development permission, approve/reject development, seek EIA 
clearance, EIA approval/rejection/defer, apply for occupation permission, and 
approve/reject occupation) connecting the three sub-processes were also verified to be 
reliably accurate, since they registered coding references and exemplars. For instance: 
“clients bring in files through customer care, that is, we have a tent outside there” 
(Physical planner A) − implying application for development permission; “…we then 
approve the drawings and we give a client a copy, we also issue an approval letter” 
(Physical planner B) − implying approval of development; and “…you’ve finished the 
structure, you [developer] have to apply for an occupation permit” (Physical planner 
A) − implying applying for occupation permit. 
Table 1: Coding references and exemplars 
 
Inspection of some variations which were identified between the process model and 
empirical observations revealed that in the process model, some activities had been 
captured at an aggregate level. This confirmed that regulations do not necessarily have 
to be prescriptive (Penny et al. 2001), implying that there can be flexibility for the 
practice to prescribe how to comply. Indeed, in the EIA sub-process, empirical 
evidence suggested that the practice is structured into three phases: screening, EI 
study, and decision-making. The revised model took account of these finer details 
(refer to EIA process pool in Figure 1). Similarly, some observations were also noted 
on the linkages connecting some sub-processes. Between the BP and DP processes, it 
was discovered that usually, the EIA process is initiated in the DP process but not in 
the BP process as earlier envisaged. An environmental officer held that “once I 
request for an EIA, the client goes and gets a consultant who must be registered with 
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NEMA [National Environment Management Authority]”. This implied that the 
developer was advised on whether an EIA is required only after making an application 
for building permit. Another identified linkage was one related to payments of permit 
fees. When the application was assessed, the developer was notified about the amount 
of fees; “the clients come back, we call the clients, and they pick those plans, then 
they go and pay” (Physical planer A). This extra information warranted addition of 
two new linkages (i.e. EIA clearance/permit fees, and Permit fees/EIA certificate) that 
had not been initially captured (see Figure 1). 
Proposal for introducing embodied carbon accounting 
Besides verifying that existing practices had been modelled correctly, it was 
empirically ascertained that EC accounting in building projects was not carried out. 
This was not surprising since, EC accounting is relatively a new area and perhaps, less 
would be expected of such a developing country like Uganda. Therefore, this 
warranted for a need to introduce a ‘new’ sub-process of accounting for EC emissions. 
This new sub-process was appropriately integrated in the existing sub-processes of 
EIA, DP, and BP as shown in Figure 2. However, as argued in this work, the EC 
accounting boundary should be cradle-to-construction completion. This implies that 
the EC considered should include manufacture and transportation of materials, 
transportation of labour/workforce, use and transportation of plant/equipment 
(Kibwami and Tutesigensi 2014). To take into account of these suggestions, various 
activities within the EIA, BP, and DP sub-processes would have to be revised. As part 
of EIA, EC accounting could be included as a requirement for environmental 
approvals. Similarly, as part of DP, EC accounting of prospective projects could be 
included as a requirement for issuing building and occupation permits. With regard to 
BP, preliminary carbon estimates can be made during early designs, detailed carbon 
estimates during detailed designs, and interim carbon estimates during the 
construction stage. Similar to practices documented elsewhere (see Moncaster and 
Symons 2013), there would be a need to identify (or develop) appropriate EC 
calculation methods and software tools based on databases that take into account 
national circumstances. Certainly, empirical evaluation of any proposed system is 
necessary to ascertain whether the system fulfils acceptable principles of carbon 
accounting such as relevance and transparency (WRI/WBCSD 2005), whether it can 
improve sustainability as expected of a carbon measurement initiative (RICS 2012), 
and whether there are any challenges of implementing it in practice. 
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Figure 2: Proposed development approval process for Uganda (to-be system) 
CONCLUSIONS 
With the recognised need for reducing carbon emissions associated with buildings, the 
importance of accounting for EC emissions cannot be over emphasised. However, 
there is limited integration of EC accounting in building projects due to the cradle-to-
gate boundary used in prevailing accounting initiatives. This, it has been argued, 
limits greater realisation of the potential in accounting for EC. The suggested remedy 
requires considering the cradle-to-construction completion boundary, which demands 
significant contextualisation of EC accounting. Using a context of Uganda, the 
potential of accounting for EC in building projects was explored. An as-is system 
which describes the prevailing development approval process was derived using 
process modelling. From a case study involving two local authorities, it was 
empirically ascertained that accounting for EC was not carried out. Consequently, in 
form of a process model, a system that integrates EC into the development approval 
process was proposed based on the cradle-to- construction completion boundary. It is 
hoped that the proposed system will lead to greater realisation of the potential of 
incorporating EC in building projects in order to promote sustainable construction. 
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However, for the proposals to be implemented, further research is necessary to 
develop suitable calculation methods, software tools, and databases for quantifying 
carbon emissions. In addition, empirical research is necessary to evaluate any such 
proposed system. Such evaluation would involve, among other issues, ascertaining 
whether the system fulfils acceptable principles of carbon accounting, whether it can 
promote sustainable construction, and identifying the challenges of implementing it in 
practice. Meanwhile, the methodology that was employed in this work has 
demonstrated the utility in using process modelling supported by verification 
interviews. The authors recommend this methodology to other areas of construction 
management research especially where research questions related to ‘improvement of 
a prevailing situation’ are involved. 
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